Abstract. Effects of two adipokinetic hormones (Pyrap-AKH and Peram-CAH-II) on the presence of diacylglycerol (DG) molecular species and their fatty acid (FA) constituents in the haemolymph of the firebug Pyrrhocoris apterus were investigated using liquid chromatography (HPLC) and electrospray ionization mass spectrometry (ESI-MS). The results show that DGs with characteristic FAs are preferentially mobilized from the fat body (FB) by the action of both the AKHs produced by P. apterus. Both the macropterous and brachypterous morphs have similar DG and FA profiles. A difference in the action of the Pyrap-AKH and the Peram-CAH-II, however, results in distinct differences in the distribution of FAs in the macropterous morph. It seems that C16 to a slight extent and unsaturated C18 FAs mainly play a dominant role in the AKH based action, in particular linoleic acid (18:2), which represents 50-60% of the total DG mobilized. The metabolically active C16 and C18 FAs are preferentially absorbed from the linden seeds and accumulated in the FB. The relationships between AKH action and FA distribution in DGs in P. apterus, compared to other insect species are summarized and discussed in detail.
INTRODUCTION
In insects, storage lipids, triacylglycerols (TGs), occur mainly in the fat body (FB), an organ analogous to vertebrate adipose tissue and liver, where they make up about 90% of the total lipids (Arrese & Wells, 1994; Canavoso et al., 1998 Canavoso et al., , 2001 Arrese & Soulages, 2010) . However the major class of lipids in the haemolymph are diacylglycerols (DGs) that are predominantly bound to carrier protein lipophorins (Chino & Downer, 1982) . Unlike in vertebrates, where free fatty acids (FAs) are released into the bloodstream and transported bound to albumin, the DGs serve as the major transport lipid shuttle in insect haemolymph, of which more than 90% are sn-1,2-isomers ( Van der Horst, 1982; Arrese et al., 1996) .
The DG molecule is transported from the FB using a lipid transport particle (Van Heusden & Law, 1989) to high-density lipophorin (HDLp) in the haemolymph. HDLp stability and capacity is increased by apolipoprotein-III (apoLp-III) and the mass of the resulting particle, called a low-density lipophorin (LDLp), is about twice that of HDLp. The LDLp transports the DGs to target tissues (mostly muscles) where the DGs are hydrolyzed by lipophorin lipase to free FAs and glycerol. Then, the apoLp-III dissociates from LDLp and is converted to HDLp, which returns to the FB to transport the next DG molecule (Canavoso et al., 2001 ; Van der Horst & Ryan, 2005) .
The DG molecular species differ in their constituent FAs. Several dozen FAs have been detected in insect haemolymph, but most are 8-9 FAs with 12-18 carbon atoms and include the saturated FAs: lauric (C12:0), myristic (C14:0), palmitic (C16:0) and stearic (C18:0), the monounsaturated FAs: myristoleic (C14:1), palmitoleic (C16:1) and oleic (C18:1), and polyunsaturated FAs: linoleic (C18:2) and linolenic (C18:3). The monounsaturated FAs consist primarily of the cis--9-isomer and the C18 polyunsaturated FAs the cis--9-12-and cis--9-12-15 isomers (Downer, 1985; Schneider & Dorn, 1994) .
Insect energy metabolism, predominantly activation of lipids, is controlled by adipokinetic hormones (AKHs). The latter are a large group of neuropeptides consisting of 8-10 amino acids, which are synthesized and released from the corpora cardiaca, neuroendocrine glands connected to the brain (Gäde et al., 1997) . Generally, AKHs behave as typical stress hormones by stimulating catabolic reactions, which make energy more available, while inhibiting synthetic reactions. Their crucial role in the mobilization of lipids is well known (e.g. review articles - Canavoso et al., 2001; Gäde & Goldsworthy, 2003; Van der Horst & Ryan, 2005) , but they are also involved in a number of accompanying processes (Kodrík, 2008) . Currently, almost 50 different AKHs have been characterized and their physiological effects investigated in insects belonging to various insect orders (Gäde et al., 1997; Gäde, 2009) . The AKH induced mobilization of lipids from the FB was first reported for the locust, Locusta migratoria, in which they fuel long-distance flights (Mayer & Candy, 1969) . This species is the classical insect model with three AKHs: Locmi-AKH-I, -II and -III, of which AKH-I is the most effective in mobilizing lipids (Goldsworthy, 1994) . In Heteroptera, at least three species have more than one AKH peptide, namely two species in the family Pyrrhocoridae (Pyrrhocoris apterus and Dysdercus intermedius with Pyrap-AKH and Peram-CAH-II) (Kodrík et al., 2000 (Kodrík et al., , 2002 and one in the family Tessaratomidae (Encosternum delegorguei with Panbo-RPCH and Schgr-AKH-II) .
Although there is a lot of information on the physiological, biochemical and metabolic roles of AKHs in insects, little is known about the effects of individual AKHs on the mobilization of particular DG molecular species in insect species with more than one AKH. The DGs and/or FAs are not uniformly mobilized from the FB of L. migratoria after injection with AKHs. The individual DG species were mobilized selectively: the DGs containing C18 and C16 FAs and especially the C18 unsaturated oleic acid were preferred (Tom ala et al., 2010) . In addition Locmi-AKH-I preferred mobilization of unsaturated FAs while Locmi-AKH-II and -III mobilization of saturated FAs.
A question arises whether the above results are specific for L. migratoria or whether AKHs might also selectively mobilize lipids in other species possessing more than one AKH. P. apterus is a suitable insect model for this kind of research because it has two AKHs (Pyrap-AKH and Peram-CAH-II) (Kodrík et al., 2000 (Kodrík et al., , 2002 and uses lipids to fuel its locomotion (Socha & Kodrík, 1999; Socha et al., 1999) . Moreover, this bug is characterized by a conspicuous wing polymorphism, and the macropterous (long-winged) and brachypterous (short winged) morphs (Socha, 1993) differ in their life history strategies (Socha & Zemek, 2003; Socha et al., 2005; Socha & Šula, 2008) .
The aim of the present study was to determine whether (1) the DGs and FAs are selectively mobilized by Pyrap-AKH and Peram-CAH-II in P. apterus, (2) the spectrum of lipids present in the bugs differs from that found in their food (linden seeds), and (3) the mobilization of lipids in the adults of the two wing morphs differ. The results might contribute to extension of our knowledge why certain insect species possess more than one AKH.
MATERIAL AND MEHODS

Experimental animals
The stock cultures of P. apterus used in the present study, originated from specimens collected at eské Bud jovice (Czech Republic, 49°N) (Socha & Šula, 1996) . All stages from egg to adult were kept in small glass jars with an ad libitum supply of linden seeds (Tilia cordata) and water, and kept at a constant temperature of 26 ± 1°C and under long-day conditions (18L : 6D). Two different groups of 10-day old adult females (for reasons see Socha & Kodrík, 1999) were used in the experiments: reproductive brachypterous and macropterous individuals with a non-diapause type of reproductive arrest.
Chemicals
The P. apterus adipokinetic hormones Pyrap-AKH (pGluLeu-Asn-Phe-Thr-Pro-Asn-Trp-NH2) (Kodrík et al., 2000) and Peram-CAH-II (pGlu-Leu-Thr-Phe-Thr-Pro-Asn-Trp-NH2) (Kodrík et al., 2002) were commercially synthesised by Dr. Lepša, the Vidia Company (Praha, Czech Republic). TG and DG standards and other chemicals used in the experiments, including HPLC and ESI-MS analyses, were purchased from Sigma-Aldrich (Praha, Czech Republic).
Hormonal treatment and preparation of samples
A dose of 10 pmol Pyrap-AKH or Peram-CAH-II dissolved in 2 µl 20% methanol in Ringer saline (Kodrík et al., 2000) was injected through the metathoracic-abdominal intersegmental membrane into the thorax of the experimental bugs. Control bugs were injected with 2 µl of solvent. A haemolymph sample was taken from each of the 20 females just before and 90 min after they were injected. Haemocytes were removed from the samples by centrifuging at 13,000 g for 2 min at 4°C. FBs were dissected from bugs by opening the body from ventral side. The lipids in 10 µl of the pooled haemolymph samples (n = 3; each n from 20 bugs) and weighed samples of FB (usually 10 mg/analysis, n = 12) were extracted immediately after dissection using a chloroform : methanol (ratio -2:1) solution following the method of Folch et al. (1957) as modified by Koš ál & Šimek (1998) .
The same method was used to extract lipids from a sample of the linden seeds that were used to feed the bugs. The testa of each of the seeds was removed and the content of the seeds weighed, homogenised and extracted using the same chloroform : methanol solution as mentioned above (n = 7).
HPLC and ESI-MS analyses
High performance liquid chromatography (HPLC) combined with electrospray ionization mass spectrometry (ESI-MS) was done using a quadrupole ion trap LCQ mass spectrometer (Thermo, San Jose, CA, USA) coupled to a Rheos 2000 ternary HPLC system (Flux, Basel, Switzerland), equipped with a FAMOS autosampler and Thermos thermostat (both LC Packings-Dionex, Amsterdam, The Netherlands) as described in Tom ala et al. (2006) . The stored dry samples were dissolved in 1 ml methanol and 5 µl aliquots were injected into a 150 × 2.0 mm i.d. 3 µm Gemini HPLC column (Phenomenex, Torrance, CA, USA). The mobile phase was composed of (A) 5 mmol l . The column temperature was maintained at 30°C. The mass spectrometer was operated in the positive ion detection mode at +4 kV with a capillary temperature of 220°C. Nitrogen was used as a shielding and auxiliary gas. Mass range of 440-1100 Da were scanned every 0.5 s to obtain the ESI mass spectra of the respective DGs and TGs. For the investigation of the DG and TG structures the CID (collision induced dissociation) multi-stage ion trap tandem mass spectra MS 2 were recorded, respectively, at 5 and 3 Da isolation windows. Maximum ion injection time was 100 ms and the normalized collision energy was set to 30% for the CID MS 2 scan type. The ammonium adducts of molecules, [M+NH4] + obtained by positive ESI were used for determining the molecular weight of each DG or TG molecular species. The number of carbon and double bonds can be calculated from the molecular weight of each particular DG or TG entity. The CID of [M+NH4] + ions results in neutral losses of NH3 (i.e. molecular ion [M+H] + is observed) and acyl side-chain (as a carboxylic acid [M-RCOO] + ) in the generation of the monoacyl product ion. This fragmentation is characteristic of all molecular species of DGs and TGs. For example two DGs with m/z 638 ([M+NH4] + -DG of mw 620 Da) were present in all samples. Inspection of the CID MS 2 spectra revealed two isomeric DGs, namely DG 18:1/18:1 and DG 18:0/18:2 at 15.7 min and 16.2 min, respectively. The diagnostic fragment ions in the CID ESI-MS 2 spectra in the former case are represented by mass m/z 339 (loss of C18:1) and latter case by masses m/z 337 (loss of C18:0) and m/z 341 (loss of C18:2) (Mu & Hoy, 2000) .
The identification of particular FAs in TG molecules were based on computer-assisted interpretation of ES MS 2 TG spectra using software TriglyAPCI developed by Cva ka et al. (2006) . Although the software is primarily designed for APCI MS spectra, it can be used to determine FAs in TGs obtained using ESI MS 2 spectra, because the pattern in the fragmentation of the molecules in both ionisations is very similar.
FA content
Relative content of FAs in the DGs in the haemolymph and the FB TGs (see Fig. 4 ) was calculated in two steps: (1) from the theoretical FA composition of particular DG (see Table 1 , 2 nd column) or TG molecular species (see Table 2 , 2 nd column), and (2) from the relative percentage of DG in the total lipid mobilized (see Fig. 3 ) or TG in FB (see Table 2 , penultimate and ultimate columns).
Data presentation and statistical analysis
The results were plotted using the graphic program Prism (GraphPad Software, version 5.0, San Diego, CA, USA) (Figs 3, 4 and 6). The bar graphs represent the mean ± SD. Statistically significant differences at the 5% level were evaluated using t-tests.
RESULTS
HPLC/ESI-MS analyses of lipids in chloroform-methanol extracts of haemolymph
The analyses resulted in the generation of a number of MS peaks (Figs 1A1-C1 and 2A1-C1) from which those corresponding to a set of DG standards, with retention times from 7.5 to 21.5 min (data not shown), were subjected to further detailed investigation. The DG fractions of molecular mass 500-700 Da in the haemolymph of control brachypterous ( Fig. 2C2 for 2C1 ). These analyses revealed the presence of a relatively large number of DG molecular species, of which about 10 were present only in negligible amounts and had no substantial effect on the total lipid level in the haemolymph. A characteristic set of ten DGs, of which five were present in two different molecular forms are summarized in Table 1 . They made up more than 90% of the total DG in the haemolymph of both the morphs studied and therefore were selected for further study. Their structures were verified by the CID MS 2 scan (data not shown) and their molecular masses ranged from 590 to 622 Da. The CID MS 2 scan revealed the nature of the acyl residues in the DG structure, but not their stereospecific analysis and the 1, 2 and 3 positioning of the acyls in the structure. However, based on previous studies of several insect species (Beenakkers et al., 1985; Arrese & Wells, 1997 ) most of the DGs contain acyls in the sn-1,2-DG position.
The percentage of individual DGs present in the haemolymph of brachypterous and macropterous bugs after injection with either 10 pmol Pyrap-AKH or Peram-CAH-II is shown in Fig. 3 . The results were calculated from the ESI-MS 2 analyses, in which the subtraction of the total DG level in resting (time 0) and treated (90 min later) bugs were considered to be 100% (e.g. 100% was total elevation of all DGs after the hormonal treatment). Injection of the solvent (control treatment) had no effect (data not shown for clarity). The results revealed that just four or five DGs (592, 616, 618, 620 and less so 594 Da) were responsible for about 90% of the increase in lipids induced by the injection of hormones in both groups of bugs studied; these DGs contained C18 and C16 FAs only. Fig. 3A also shows there were no statistical difference in the DGs mobilized by Pyrap-AKH and Peram-CAH-II in brachypterous bugs, whereas in macropterous bugs (Fig. 3B ) Pyrap-AKH significantly mobilized more 616 Da DG and Peram-CAH-II more of the 594 and 620 Da DGs.
FA composition of TGs in the FBs of brachypterous and macropterous bugs
The theoretical FA composition of TGs from FBs of brachypterous and macropterous bugs is presented in Table 2 (raw HPLC/ESI-MS data are shown just for brachypterous FB TGs in Fig. 5B -see below) . These results indicate that most TGs are present in low amounts and only 3 TGs of mws 878, 880 and 882 Da (the last two exist in two molecular forms), each make up more than 10% of the total the TG content of FB ( interesting to note that all of these three TGs contained just C18 (mostly) unsaturated FAs. There are no FB DGs in Table 2 because they make up only 2% of the FB lipids and were omitted for reasons of clarity. The relative percentages of FAs in the FB TGs of both groups of bugs tested were derived from the data in Table 2 and compared with similarly calculated (for details see Material and Methods) percentage FA content of hormonally mobilized DGs. The results presented in Fig. 4 (the 17:2 and 18:4 FAs were omitted because they are present in negligible amounts -see Table 2 ) indicate that (1) as mentioned above the C16 and C18 FAs have a crucial role -FAs with a carbon chain longer than 18 and shorter than 16 do not have a role in lipid mobilization, although present in FBs; (2) there are significant differences in the relative percentage of FA in the TG pool in the FB, and DG pool in the haemolymph of hormonally treated bugs of both groups: in other words percentage composition of the mobilized FAs in the haemolymph does not reflect that in the FB, which indicates that only particular FAs are mobilized; (3) this preferential mobilization is similar in both brachypterous and macropterous bugs for which only quantitative differences were recorded; (4) the differences in FA levels in hormonally mobilized DGs and those in the FB TGs were recorded for palmitic (16:0), stearic (18:0), oleic (18:1), linoleic (18:2) and linolenic (18:3) acids, whereas the levels of palmitic and linoleic acids were higher, and those of stearic, oleic and linolenic acids were lower in the haemolymph than in the FB of hormonally treated bugs.
Statistical evaluation of the effect of individual hormones on the mobilization of particular FAs (Table 3) indicates there was no significant difference in the effect of Pyrap-AKH and Peram-CAH-II in brachypterous bugs, but in macropterous bugs Pyrap-AKH mobilized more linoleic acid and Peram-CAH-II more oleic acid (see Table 3 and Fig. 4) . These results do not contradict the results presented in Fig. 3 for the relationships for the DG level. Fig. 4 2. Characterization of the TGs in the FBs of brachypterous and macropterous bugs. For clarity only the TGs with a relative percentage higher than 0.5 were included in the analysis. The TGs whose two different theoretical FA variants within the TG molecules could not be distinguished are marked by *; their amount is expressed as a percentage deduced from the ESI-MSand 50% of that by Peram-CAH-II. Nevertheless, the linoleic acid content of the FB is around 45%, which indicates the importance of this FA in energy metabolism and the specificity of the AKHs, especially Pyrap-AKH, in its mobilization.
A comparison of the lipids in linden seeds and the FB
The lipids in linden seeds were only compared with those in the FBs of brachypterous bugs because 10-day old adult macropterous bugs do not feed. The HPLC/ESI-MS elution profiles (Fig. 5) showed a clear dominance of TGs in linden seeds and a negligible presence of DGs (RT = 7.5-21.5 min, Fig. 5A ). The quantified ESI-TIC spectra of the TGs (Fig. 5C and 5D ) are illustrated in Fig. 6 and as in the previous analyses TGs with a low percentage incidence (< 1%) were omitted. The TGs with mws of 878, 880 and 882 Da were the most abundant in linden seeds and the FB. However, there are statistically significant differences in the quantity of particular TGs in linden seeds and FBs, with predominance the TGs of mws 880, 886, 892 and 894 Da in the FBs and (Fig. 6B) . The level of the most abundant FA, linoleic acid (18:2), was highest in linden seed and FB TGs. The level of palmitoleic (16:1), margaroleic (17:1) and norlinoleic (17:2) acids was significantly lower in FB TGs. These results accord with the spectra of AKH mobilized FAs illustrated in Fig. 4 .
DISCUSSION
Differences in the AKH-mobilized lipids in P. apterus and other insects
It is well documented in a series of papers that the firebug P. apterus obtains most of the energy it needs from lipids (Martin, 1969a, b; Socha & Kodrík, 1999) and that firebugs injected with of Pyrap-AKH and Peram-CAH-II mobilize mostly lipids (Kodrík et al., 2000 (Kodrík et al., , 2002 Socha et al., 2005, etc.) while there is no or only a negligible mobilization of glycides (Socha et al., 2004) . Therefore, this bug appears to be a good model for a detailed study of the spectrum of lipids mobilized by AKH. This study revealed that DGs are selectively mobilized by AKH. The results demonstrated that mainly four DGs (592, 616, 618 and 620 Da) were responsible for the majority of DG mobilization. These DGs contain only C16 and C18 FAs, which is not surprising, as eukaryotic FA-synthases mainly synthesize C16 saturated FAs with smaller amounts of C14 and C18 FAs. The specificities of the chain-elongating and chain-terminating enzymes complement each other perfectly, ensuring that these FAs are the major products (Rangan & Smith, 2002 ). This does not account for the differences in the relative levels of particular FAs in TGs in FB and DGs in the haemolymph, which partly indicates that particular AKHs mobilize particular FAs. The results indicate that the levels of palmitic (16:0) Fig. 4 ) present in the DGs detected in haemolymph after the separate Pyrap-AKH and Peram-CAH-II treatments. The statistics compares the difference in effect of individual hormones on the mobilization of particular FAs. S -significant difference; NS -no significant difference; 13:1, 19:0 and 19:1 FAs were not detected in haemolymph DGs. Table 1 . The effect of injecting only solvent was negligible (data not shown), see text. Statistically significant differences at the 5% level (DG mobilized by Pyrap-AKH vs. DG mobilized by Peram-CAH-II) evaluated using t-tests are indicated by *; the bars represent SD, n = 3.
containing DGs. Relative percentage of palmitic acid (16:0) in the haemolymph of Locmi-AKH treated insects was lower than in the FB. It is evident that in both species (i.e. P. apterus and L. migratoria) different FAs are mobilized, but whether it depends on differences in their biology, food or living conditions, or some biochemical reason such as a difference in the composition of the AKHs, is unknown.
The FA composition of acylglycerols appears to be different in the FB and haemolymph of several species of insect (Beenakkers et al., 1985) . This disparity is explained by the putative existence of two different acylglycerol pools in the FB and their complicated incorporation into DGs. Notwithstanding, the difference in the FA composition of released and stored glycerides indicates there is a selective release of glycerides with particular FA compositions (Keeley, 1985) . Alternatively it could indicate the release of sn-1,2-DGs from FB TGs by the specific hydrolysis of the FA at the sn-3 position of the TGs ( Van der Horst, 1982) and that the FA composition of the DG could be a result of the non-random distribution of FAs over the three stereospecific positions in the TG. Moreover, the absence of FAs with C > 18 in the DGs released into the haemolymph recorded by several authors (this study; Martin, 1969a; Beenakkers & Scheres, 1971; Beenakkers et al., 1985; Tom ala et al., 2010) may be due to their position at sn-3.
Both P. apterus AKHs similarly mobilized particular FAs (haemolymph DG FAs vs. FB TG FAs -as discussed in the second paragraph), but in the macropterous morph there were significant quantitative differences between the hormones. Intensity of mobilization of linoleic acid (18:2) was significantly higher following injection with Pyrap-AKH than Peram-CAH-II, while intensity of oleic acid (18:1) mobilization by Peram-CAH-II was higher than by Pyrap-AKH in this morph. At present it is not possible to offer a satisfactory explanation of this phenomenon. However, a preference of individual AKHs for particular FA species is more obvious in L. migratoria. It seems there is at least a partial specificity of individual locust AKHs for certain FAs, with Locmi-AKH-I preferentially mobilizing unsaturated FAs (mostly linoleic acid) and AKH-II and AKH-III saturated FAs (mostly stearic) (Tom ala et al., 2010) . This accords with the Murata & Tojo (2002) finding that in locusts unsaturated FAs in TGs are mainly used as an energy source during flight, and that Locmi-AKH-I is more involved in lipid mobilization during flight than Locmi-AKH-II and Table 2 ). The bars represent SD, n = 3 for haemolymph samples and n = 12 for FB samples.
-III (Goldsworthy, 1994) . The situation in P. apterus is more complicated due to the fact that the phenomenon was recorded only for the macropterous morph and no DG or FA preferences were found for the brachypterous morph. These wing morphs differ in various physiological and behavioural parameters, e.g. the length of preoviposition period (Socha & Šula, 1996) , feeding activities, energy reserves in the FB (Socha et al., 1997 (Socha et al., , 1998 and adipokinetic response (Socha & Kodrík, 1999) . Mobilization of lipids by AKH in flightless macropters (Maxová et al., 2001 ) is positively correlated with walking activity, and also the AKH content of the CNS (Kodrík et al., 2003) . One can speculate that the greater level of AKH mobilization of DGs or FAs in the macropterous morph reflect its higher general metabolic, dispersal and walking activities.
The most abundant FA in P. apterus, both among the AKH mobilized FAs and those stored in the FB, is linoleic acid (18:2). Percentage of linoleic acid varied around 45% in the FB and made up 50-60% of the lipids mobilized. The importance of linoleic acid in P. apterus was recorded a long time ago by Martin (1969a) 50-55% in the ovaries in the 3 rd -5 th day of adult life. Those results suggest that linoleic acid might play a significant role in P. apterus in the most energetic demanding processes in insects controlled by AKH: locomotion and vitellogenin synthesis. In other insects oleic acid (18:1) has this role. It is responsible for 35-40% of the AKH induced lipid mobilization in L. migratoria, and the content of this FA in the FB is about 25%, which is identical to that of another frequent FA, palmitic acid (16:0), in this species (Beenakkers & Scheres, 1971; Tom ala et al., 2010) . Nevertheless, oleic acid is the second most abundant FA in P. apterus (this paper) reaching about 20-25% in mobilized DGs and about 30% in FB TGs. The percentage of oleic acid in the FB lipids is generally higher in potential migrants than in solitary individuals, as in the gregarious and solitary phases of Schistocerca gregaria. The DGs that contain oleic acid and unsaturated C18 linoleic and linolenic acids, increase significantly in the haemolymph during flight in this species. They fluctuated significantly not only in relation to phase, but also to age (Schneider & Dorn, 1994) . A high content of the oleic FA is recorded in the FBs of several other insects including the beetle Zophobas atratus (Howard & Stanley-Samuelson, 1996) . Oleic acid is also the most common DG-lipophorin FA in the bloodsucking bug Panstrongylus megistus (Canavoso et al., 2004) .
Lipids in P. apterus and its food
The digestion and absorption of lipids is analogous in insects and vertebrates, but with some important differences. Insects do not have bile salts, but have developed alternative strategies: the strategies include the use of lumenal glycolipids and the formation of fatty acyl-amino acid complexes, and FA and lysophospholipid micelles, which facilitate lipid solubility (Turunen & Crailsheim, 1996) . Their mid gut cells produce lipases that hydrolyze the dietary TGs forming monoacylglycerols and free FAs (Hoffman & Downer, 1979) . These FAs are absorbed and converted into DGs in the mid gut cells using the phosphatidic acid pathway (Canavoso & Wells, 2000) . Then the DGs are rapidly converted into TGs, which serve as a reservoir for absorbed FAs; alternatively the DGs are transported directly to the FB via haemolymph (Canavoso & Wells, 2000) where they are also converted into TGs. Their composition largely depends on their diet and can to some degree be changed experimentally. Beenakkers & Scheres (1971) fed L. migratoria various diets containing different lipids, which revealed that the main differences between the diet and FB lipids is restricted to unsaturated C18 FAs. There is a fair correlation between the percentage of oleic (18:1) and linoleic (18:2) FAs in the diet and FB, while the amount of linoleic acid in the FB is not influenced by differences in diet. The laboratory culture of P. apterus used in this study was strictly monophagous as they were fed exclusively on linden seeds. Lipid analysis of the seeds done using thin layer chromatograph with silica gel-G (Martin, 1969a) and HPLC/ESI-MS in the present study, revealed an almost identical composition of the main lipid components. Comparison of the lipid spectra for the seeds and the FB revealed they have similar TG and FA profiles, but with significant differences (see Fig. 6 ). In both the TGs 878-884 Da (containing only C18 mostly unsaturated FAs) and TGs 854 and 856 Da (containing both saturated and unsaturated C16 and C18) were the most abundant. The results also revealed that the TGs with C18 FAs (mostly unsaturated) were preferred, while the content of TGs containing abnormal C17 FAs (864, 866 and 868 Da) was significantly lower in the FB than in linden seeds. It is evident that P. apterus FB accumulates FAs that have an important role in lipid mobilization: palmitic (16:0), stearic (18:0), oleic (18:1) and linoleic (18:3) FAs, and that the main P. apterus FA -linoleic acid (18:2) -is abundant in both its diet and FB. Its abundance in linden seeds might be one of the reasons why linoleic acid is important in P. apterus lipid metabolism.
In summary, an analysis of the lipids mobilized by AKHs in P. apterus FB and transported in the haemolymph revealed that C16, to a small extent, and mainly (unsaturated) C18 FAs are the dominant shuttles involved in the transport of lipids. In addition, to a certain extent only particular FAs are mobilized by the P. apterus AKHs, with the preference almost identical but for a few quantitative differences in both macropterouss and brachypterous bugs. Separate action of the Pyrap-AKH and the Peram-CAH-II only revealed distinct changes in FA profiles in macropterous bugs. It seems that the FAs participating in AKH-induced lipid mobilization are preferentially absorbed from linden seeds and accumulated in the FB.
